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"Military aviation night vision systems enhance the aviator's capability to operate
effectively during periods of low illumination, adverse weather, and in the presence of
obscurants. Current fielded systems allow aviators to conduct terrain flight during condi-
tions which would be extremely dangerous, if nnt impossible, using only unaided vision. In
niqht vision systems. trade-offs are made that enhance some visual ptrameters and compromise
others. Examples uf visual parameters which are traded off inclede acuity, field-of-view,
spectral sensitivity, and depth perception. Cost, weight, and size constraints also lead to
compromises between an Ideal end a viable system design. Thermal imaging sensors introduce
enhanced night vision capabilties along with new problems associated with the Interpretation
of visual information based n spectral and spatial characteristics differing from those
provided by unaided vision. In addiLtion, the mounting of these visual displays anto the
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19. ABSTRACT (Continued)
aviator's helmet provokes concern regarding fatigue and crash safety, due to
increased head-supported weight and shifts in center-of-gravity. Huma,. factors
and safety issues related to the use of thermal night vision systems are
identified and discussed. The accumulated accident experience with U.S. Army
AH-64 helicopters equipped with the thermal Pilot's Night Vision System and the
Integrated Helmet and Display Sig-ting System is briefly reviewed.
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AB•2X • 1. INTRODUCTION

Military aviation night vision systems eance Army aviation has used night vision systems
the aviator's capability to operate effectively dring since 1971. Thee systems enhance the aviator's
periods of low illumination, adverse weather, and capaodty to operate effectavely during periods of
in the presence of obw-urarts. Current fielded low illuminatiao, suporting the Army's doctrine o
systcms allow aviators to conduct terrain flight carying out misions ivi darkness and under adverse
during conditions which would be extremely weathcr w-xdium, I& the aviation environment,
dangerous, it not impo&sbl, using only unaided nigt imaging system are moted totally, or ia
vision. In night vision systems, trade-offs we made part, as the aviators helmet. The two baoc sek.
that enhance some visual parameters and com- tiom o( thew systems are the no and the do-
promise others. Examples of visual parameters play, a &how* in Figure 1. Curetly, the two
which are traded oft includc acuity, fiel-ol-view, major technoklgies used for night vision sesors are
spectral rcnsitivty. and deph perception. Cost, image intesification (1I) and thermal imaging (L&
weight, and sie onstraints also lead to compromi- forward looking infrared-FIR).
ses between an ideal and a -iable system design.
Thermal imAgingsenwss introduce enhanced night
"vIion capahiliiwcs akwig with new problems is
sociated with the interretation of visual informa.
tion based on spectral and 4pata characeritia
diff;krirg from Ihtw€" plrovud by unaided isiom.
h~ Adldition, the mounling 4f ltww visual displaysz j~j-
onto thz aviator's he-mct p~rovolcs ctwicrn rcgard-
ing fatiC and crah tafety. due to increased head. ,9W,
supp(otcd weight and %hofts in center.-4ofravity.
fluman factors and safely isues rlated to the wue Figure 1. Simplified block diagram for a Night
of thermal night Vision Systems are idcniif'ed and VIMno System.
discuscd, The accumulated accident cxpericace
'-1h US. Army AHl.64 hliccopcri equipped with
the thermal Pikl's Night Vision System and the hlam isatusNdramplif, or iteasify, reflected
Intmerated heleet and Display Sighting System is or emitted liht s the eye can more readily wee a
briefly reviewed. poorty illuammated scene. They depend on the

preenAce of om. Minmum amount of light in order

| I



to produce a usable image. This is analogous to In the An3y's -ePo production aircraf the
s a microphooe, amplifer, and speaker to AH-64 (Apick) ck licopter, theralimagi

allow the ear to more easily hear a fint sound. is used for tab pulwrg mod argeti. The target.
ing scam system ia k mow. a the Targe Acquia-

The U.S. Army has fielded rtw night wio tion and Designation System (TADS) aid the
systems for aviauon use based on ! technology. pilku sensor system is knowm as the Pilot N'qig
One is known as the AN/PX S-5 S•-ers Night Viion System (PNVS). Th PNVS provides in-
V'iion Goggles (NV'G) and is based on second- agery to a hclmet-mouated display (HMD) called
generation image intenuier tubes. Tei other, the Integrated Helmet and Display Sighting System
whxch uses third-gen•ration tubes. is known as the (IHADSS) (Figure 3). Both the TADS and the
ANIAVS-6 Aviator's Night 'ision Imagng Systcm PNVS us thermal imagiag sensors, mounted on
(ANVIS) (Figure 2). The NWG and ANVIS the nwie of the aircrai operat*i in the 8.12
systems amplify low level ambient light reflected microa We ranp (Fire 4).
froiob0" and preseat an image on a p"pho
sceten. Both systems use two image intensifier
tubes to form a binocular deve which is attached
to the aviator's helmet. While both of thesm
systems currently are in use, the second generation
NVG, are systematically beicg replaced in avitioan
by the newer ANVIS.

Figure 3. The lnctrated Helmet and Display
Sigh•in System (IHADSS)

Figue 2- The Avialor' NWh ViAsoa Imagino
Syaem (ANVIS).

The wcond type o4 nmigh mag'~na WnajWW the(
topi" of this paper. uw-s thermal imaging This ONVS , 'O); \
type of senrmw does not defpend op amhnnnl haW. j •\
but aIthr.i om infrared (OR) radalain emitted by A.

oe4ua in the wene. The thermal wnm'rr can beOS:'+. - ,
deaagied to 'we' radialgti i either the I to "
mIco(m or II to 12 mrtm (10ý mcteri) protral TAOS/ ..... -
range. All o4bcts radiae meassuable amounts 4f 

.

etevy in thea tipetlrsl #mant. The amount of
radiated eority is J'pendk't on temperalure and Ilture 4, The lvIiiuutmo 4i the PNVS and TADS
type of material scraixnr on the AIIM.



Indeendnt ftle technolok el the xigh a measure of 93s vibraboil caerp. Hence the
imaging s"stem (Le, I or thermal), some of the higher the tpeareof a body. the greater its
Naft"aa fidelty ofd etheneeral scene is lost in t&c amount of radiate eamup In twa, the tempera-

iMaging Process. The specific characteristics of ture of a bodly as determined by several factors
each sensor and display system deterami the indudin a) the objec's, receut therma history. h)
nature of the presented =mage, and consvequnty the rcflctance and absorptance characeristics of
can affect use perfor~mane Compared to .a*- the obje*4 and c) the ambient temprature of the
siikd night viswe, the uikage presented to the object's saourrowiWip
aviaor by modern night imaging systems is bright
and contains considerable visual inkwatoe
However, the aviator amie with far fewer "isag
cme than are mavaial in dayfight-a hanidicap To.
which may not be obvious to the aviator. Coupled 7....:
with the more appaentt limitations to fiel"o-view/
MWi color Visio (among othens) successul flight
using night imaging systems is a remarkabl feat. AN

Severa pipers, haew diA ued -
and safeyfs relating lo fight imaging systems
based on I technology" hsppe ik
sea the maiom characterisic or thermal agn
technology and the performance o( the crel
fielded PNVS/DiADSS systems used in the pilta-
Ve of the AH-64A att~ack helicopter. pwaraouM is
this discussio a the Possible influence of these Figurs 6. Simplified scenario of Iboulder CI)and
dwaacteristics on user performance and safety. suirrounding atmosphere Cr.)

THERMAL IMA.GtNG SYSTM S An object's. rceam thermal history includs its
expsur to exterisal therma sources .tA. direct

M&gh vision systems based ow thermal ma- sunlight and other surrounding objects, sad the
Ing technology operate by detectig inafrared presence of ineral themal sources, suc as, en-.
eniisuo of ohiects an the scene. No universal gimeL F~gur 6 depicts a simplified saenario, of
definitiou exists for Itaftared energy.* For imapngis boulder sitting i the openi undrirect sunlight.
it is generally accepted athermaift emitte The boulder as absorbing energ radiated by the
radiation in the 1 to 20 micros (16 meters) sook the amount beinag dependent os the refleatance
region o( the electromagnetic spectrum (Figure 5). and absorptance characteristics; of the boulders
Currentiv, modt thermal imA" inas performed ia exterior sarfact. The boulder alo is absorbing
the 3-5 or 8-12 micros reomis. These repasis am energy radate by obthe objects in the scene, which
somewhat dictated by the IR transmittance, win- to thes simplified scenano consists onl o( the
dows of the. atmospbere (see Secuon 10). awrotaevig atmosphere and the ground. Energy

also may be acquared (rme tbe boulder's An".
song~ with the atmOspheme if the temperatue 0(
the atmosphere is higher than the temperature of
the briulder. At the same time, the boulder is

__ _~..J emitting eniergy an an amount reatwed to its teerpero-
ture. If the boulderis ata&higatiemipeature than
the atmosphier do groud, it will &Ws be loising
energy due to cositact with the aurrounding ato-.

Figure 5. The electromapetic spectrum. sphere a&d grond If the ow effect of all of thos
energ fln is as increase. the the tfta molecular
vibrationa energ (a&d Wtherefor the temperature o(

Thermal imao*n theor is bosed on the fadt the boulder) "il WomaLm. Coesvrsely, it this energ
eVery object 401111 raition. ThIs raiated e00r10 flow reAsAl s An a0 la OM deceas attal eGWp, then
isa& direct reasul of the v~wovsa nio the mokicuiles the tempierawsr df the boulder will decrease. For
inaliftq up the o*ject An ivh,:& licmprraturs is examrle, at nigk.twhen, the boulder's primary



eternal energy source (the sun) is no loe avail- is to use a intma fdetemois with each on clect-
able, the boukldes net energy transfer will be in,- energy from a d'.rnt peut of tdo see (Fge
negative and the its temperature -vi decreas... 7). Tmie s f e dewtetors coectio ang
However, at any given time, the boulder and the defnue th mdm area of the sen which can be
atmmsphere can be represented by temperature imagd, Le, the molatios of the sensor. -,U
values Tb and T,, respcctively. Thes. values outut of cach detector is related to the amount of
generally are dierent and will change as a func- energy emitied from a small part of the scene. The
tion of tirae. overall result is a two-dimensional energy emission

profile oi the tone. To be able to disriminae
"The simple scenario discussed above can be between two segmente of the scene or between two

expanded by recognung the complex mature of objcts, the two objects =wt be at two different
real object&. 'f a more realistic object, such as a emissio level awd the sensor mus be able to
tank, is invtM*ate, then several other factors disacimimate bete e the two levels.
must be considered. A tank has geomctric fea-
tures and is manfactured from several differene Te PNVS uses a "common module' desig
materials. The"P materials have different reflec- which uses a purae scan of 1M detectors arranged
lance and absorpunce characitensim. This will in a single vtical row. An opto-mchanical system
resut in differet peras of the tank being at dif. is used to a m the outside scene acos tht
ferent temperatnres. "1 tank's geometric fea- detector array. As implied by the name, the com-
tures, such as sAd front and back. and top, can moo module FUR desig divides the Sensor pack-
result in nonuniform solar h ing. The tank also age into scparviely fimnctional asemblies. This
has a major interna source of thermal energy, as parallel wan modular imaging approach provides
engine. Our simoLified picture of as object at a the advantages of hoghe sensitivity, simpler sa
single wuform tenlperature must be repLaced by mIchanixm and hige reliability, when compared
one in which the object co sts of a multitude oif to altereate sysues
temperatue values, resLking it many different
levels of energy emissio 3. SENSOR PARAME RS

As depicted is Figure 1. imaging systems can
he simphried mntwo bawc sectoms the sensor and
the diplay. Thm section discusses the role of the
sensor in the operatim and pe.formance of the
""sycem. The rule of the dsplay is discussed in
Section 4, tDispky Pamectr"

There are ser desig parameters and
user adium"tabesew cocstrols that affei the
perfo-mance of thermal ImagIng systems. The
dc ug perimeters include cusitivity,usgual-to-oome
rat ii, crmponen time constants. %pectral resptwse,

~ [] Eand resolut~ion. User adjiustabl sciwi ctintls
incwde ain adbs level. However, many ot these
pairameteras am irsc-rciated.. In ctmplicated mag-

L C L 0r ig %yues stuch a the caminok- nitodule PNVS. it
Ae ,hRw' k-l to dsrbe indndi Control oPratfIMn

Mingle Row Matrix and effects. Wbl ist Ias , mpeowi letant is atn vrvi"ww
4f ,ýIw the seam ipat the quaky of the *p,.

Figure 7. %inakl 1., tir matrix 4 dctlcttos. Cl " MW tC e I ont'sim ivd vesee ed to the avwaor,

l(v a semo to lhe a"l to image a sceae of the
"Thermal muagi waaws (rtwm thew imgte 4 otud vvkd, t n s id a "L to respond to the

IL•e rixetl worlk ty collectsig entrry frimv ergry v•es emittet hyoly wcts in the sene. The
inbvdivial arganents td the aceieý Tho may he speCtral respow of the scumo, or tAM peart (d the
ascconraidied by sung a usnge det•,•w (,r row (of energ spectru owe which it c collect energy,
detrI1141t) l"Ikb 1A Wit the iktnl, b•ulkldni Us can he defied a otie ratio of the slfens's osut"
image one pu l ofa funt An alctrnatc trch"14uJUe igna to the AMUnt (11 CAkVWe enery. as



function of the wavelengdL This response as contrast betweem the nature and Ms, bGs:kgrouad
prmrl determined by the choice o( detector The threshd wwst d aen s aimsie Hence,

matrial. One of the most populu detector resohutior, by Macli does amt garamte preseriation
materials, and tboe one used un the PNW s~, of dcaL. Contrast tramsfer is aaothcr important
mcrcury-cadmium-telluride (HgCdTe). The parameter. VFure 9a shows a seemc containing a
response for a specific HgCdTc detector varies horiontal row of trees. Assaum these trme arn of
with Lhe chemica formulation, the MecIAanism of the same. widh and ame separated by a dst-ance
tnergy converuos (photocoodwcive or pbotw~o4- which as equal to thewr width Also assume that
taic), and the system's operat*n temperature. A each treeot id enfica in its emitted energ and is
typical spectral respoom for the AH-64 PNVS viewed by the detector as an objecx of temperature
system detector is 14oiwn in Fgure 8. TI. Let the background o( the scene be at tempera-

ture T,. Thk leads to a simplified representation of

____________the scene, aspresented in Figure 9b.

Figur 9. a) A viunal and b) thernal representation

1? ¶4of aI Faur ew Iomsistn of row of trees.

Fiue8 pctral respwm Nv~ h ptil sang lo heoftefr tpca befr p ae Pa diffee
teutedetector. I Vte ternidressteana fthsenepfo

A~~~~~nry ii~ shik ston ar'ea esk) e
oiaiprsne 'h&A " araxitve ter. utmatermining ssej the qualitao rtanheaace o aind. Afo aW19pr 6o h cne ttecl trne

diff tedtctrcma~cteerent, thr deaco iagomem cele t"n eer ro wael a the
Wk~k detectore of the(%a isrexeemed a tha at leftenew Atnthe

tutne ersnig the detwor' d if ametramah etco -coleii eeg rn

wehtk odth awfcaa tota owand t mhe, (if aqthe mltapie hat(e4 owe he detetrsIOtrwe vli, A#



€•pu: M thc• two •r+mc ra• as the •t•t<w
m act• tim: •ne+ As the d•tectc+ scans M

il• maTimum vah• when its IFOV is t"dJexl fuih/
with a target bar (Ftgore lla}, • lcss• w•hic
the IFOV is fdkd paniaDy by a targ• bar and a
baclagr0•ad bar (Figure 11b). and its m:cumam
val• when the IFOV v. f'dicd fully, with a back-
•'(•ad bar (F'gurc llc). • reprcsclRalr• .•. i
output ot+ the detector is shown m F•r¢ 1 ld.

- " Figure 12. l•:ua:• xauamg oia far ram• scene
+• •* • md im • omput.

db

S• aa increamg ramcm, the uumi•r o( bars v•hm the
•+ " IFOV (t.wBet s4mti• • ) iacr•.ase..s. At thtt

s4",atial frtque• imcremc.t, the modutmoa d t•
u:•ae, as rcCcodm• ia t• image, •.crcas¢• lft•

Ftgmc il. [•tcclo¢ •anmng ,• a • rare: modoLaticl dth,. • as compared |o tha: :l, cludd
tt..•n¢ and ,ts rcp¢c•,cnla•r,• oulp•l, tc•ne • a IFlphe• II • fum:Iioo d

mcrcas• q:atial frequucy, a curve .umdaur to
Two Lmpooa:'X cc•x•p•s •re demoo.ara•cd ua Fig'd• t3 wouAdbe od•amu• T•h•

F+•+•re ! 1 Firu. the t•p• s+•+l u•r•o• a as the "• Ir• r fmu•ti• (M'I•" tad m
rn+•d,,I•l•,n (a •han•€ m am•iaude} wh•h •n•raJ- • f•g•r¢.o(.m¢.• for comparing d•tcct•rs.
ty i+,>i|,m,•lt II1€ ,l•rC•r• a• d¢crcaxm•, tcm•r•-
l•:(s fcm•cf(d cm•r•) •i the t•¢n¢ t'•tcrn Th•
freq•rg'V <• the hats m the •'•n¢ and th< mare- •
mp'n and mmtmunl va|•t ('whu:h •k'l<:rmu• €+m- ,, •,•

lh+ •h,•rp trans,•I.-•l m t.h• f•cnc l'•lv•+n a llrlfl "• ,-.

ar•,J F'+,kgr<•tnd •.•t tm dccmphx•,,h.l:d .t ',+• .kt"€-
t,•-€ t ,,tJl[+t+l ]•tS +•.•,'•i11•'•11 •+(I•I l +,ae:kl¢hr h *"

+at+hful ,rprP-.cmal.m +J the •¢n• (,•ur• •S lh•'

I•, ,m F.,¢h a ,+rut'rt •nJ • t'•,clgt,,•lnd • it Dar•r•"\. •

w,)•, •C J•'l•'t'rl 11'I(" VlJilUt"l (l,41•,t•'•d f•nll' 'Al•+f* O•

•'++' +' tJ' •++nd bart +lhn<" |;gxJr¢ 1 ]+ r•+.•gJll I•ZdvLl41*•m llrllt..l•clr fum:l •I

< MTF) CW•,•
,\• t•, far•¢•i +,•r+g.++ 't'•' It()V it •,dlCsltP4t

rrrr+•+ f,,,m a i+a•l ,,t :he •,,.tnc r..,*•l•m.P.41 wv•rd
I•rRr+ Jll'•| •',.I, k•.Ir•l• •l,4tt dlll•'ql lhl" rnltI¢ viii ('f•llpiffl IPf..ll lllq•Jltl I•.4PJ•I III I CZh'ql•l•Ikll•' (•
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detoctor is not the 0a0' <-.yem compiinet which are located under tree cover. In the "whiAe hot"
has a MTF. Further M'r!gradation of the scene may mode, the obpes of iaterest am bright objects
result from the MWF of the optics, ad the display. being viewed agains the bright UM and esm&.
These component MTFs are cascaded to provide For 2ena, rain and k-lv setfiv witching to
an end-to-e'cd system MTF. A component MrF lac hot" may cause the targets to stand oat a
value (Lor a given spatial frequency) is always less dark oects while the b o reainst relasitvely
bhan one and a system MTF value is always less bright. AH-64 aviamors frequeatly switch polarity ian
.1an any of the component values, order to optimize picture quality.

Another figure-of-merit used to compare the 4. DISA rEI &H
pcrformance of thermal sensors is 'minimum
resolvable temperature (MRT)." MRT is a meas- A video display converts an electrical repr-
ure of setsitrvty. Often, it is defined incorc as entatios of a scene gcn•at•uA by the sensor into a
the minimum temperature difference the senosr two-dimensional image that can be viewed by the
can resolve. Actually, it is not a measure of eye. The video display is typically a cathode-ray-
temperature sensitivity, but o( eaervy sensitiviy tube and the •naae is similar to that produced oa
(relating to :be macerial. A4 its temperature). The • black-and-white tclevisio A modulated beam of
coixcpt of MRT, while an important laboratory electron is scanned very rapidly over a phosphor
parameter. ha no practical signi&iianz to the screen. The beam produces a tiny /mdulated dot of
user, except for swytem comparison. In gewral, light that generates the two-dimensional illuminated
the lower the MRT, the better th senmor can vtýual image.
discrimiate between objects isa acee.

The quality of the imagery is determined by the
Two adjustab semor controls are availabe scee's chaateristis. fth wssor's operating param-

to the user. These are ga and b Thesm eter and the duist operating parameters. The
controls ar: intended to allow the user to optimize role o( the eAsor's parameters wa discUsedl in
the sensor's performa ,ce. Is operation, these Section I The ctaraceristics o the scene depend
adjustments affect the IR detector output sional a on its spatial frequency content and enionmental

Sis passed to following nsor uas rs. Proper com dition (see Section 10). Dupay parameters
settings of these controls, whknh are htghty depen- which impaci the quality ofCRT images indid, line
d-nt on cnv.o.mal cdit ins optimize the rate, screen phosphor, spot size and shape (electro-
dynamic range (ratio of maximum to minimum i fous). Ou imum luminance (brightness), dya-
signal kvcls) o( the traasferred dctector signal. mic rane, grey scale, resolutwon and display MT.
tmpr'er deteclor sett••tM. for a givtn scene and For helme mounted distlays. user adjustable
cnvironmcnt. w"l result Mn loss o( scene delail and controls often includie optia focu brightnek, ad
a dgradcd image, contraft. Maw/ 0( theb, parameters are iDntr-

lated Additional adjustamet "ontrols for clectronic
A third ctmtrol ocer 'he PNVS snso output. focusing, poutaown . and srn o( the CRT image

hut one which does not actually afect sCn w are present, but typically we not deseed for
opcrason, is the "FIAR polarity" sitch. This routkne adjustmet.
%wit(h converts the p(larity cf the wc'w"s OUtput
from "white h"* to "Nak hN." This rWfers to the In the Uaited States, a commercial tekevisi•o
prse.ntalitn 4f the Onmaerry an the display, ht the (TV) picture &I generated from 525 hcrixoatal scan
".whtc ho( mode. 4icsts imkiin* the greate.t linc. IaKh TV picture or frame is preseated eviery
senount 4-f cnerpy aplrar "hitcr* (actually "Xreea- 1/MYth o( a secoad. To minimize visual ffiker in
er' for the IMtAt, dD V isploy p^pcw) than otbcts the ditply. rvery tAher tine (1/2 p•ature or feld) is
(f k#, emitum. (GvIWIVry, in the 'Mack hoC Preseanted every I0 4O as second. The number of
moXIk, objects cmotting the ricatemt cnergy appear discrtre i•zvoal scsa lanes determines, the max-
"lilackcr." A nti•ceahkl dffcrence bewteew thrse m veoirtcealresolutiioothe display. I a 35-.lane
twx mw# is the .',r~raiwe of the %ky baki. scn syotem aly OuN 'M lineit a• Active, Lt.,
grI(M l, In the '"Oit hoC* mode, the sky Wl prewen visual intormatian to the viewer. A vertiwal
appear darloct than the h"u'r'. Avitors appear hie from the top to the Nttom of the display would
4t1 indscmrolieonl|y swVtb klwretwnmoide selectigm MOniM at of ) veutIrl d^of onr A each scam Lin.

the Iwot image. witk so J ab. ceriid"ft kRerdla o( use. ev@%"doplty ho 4O SCAn lines.
eledinll ofe mod over awhsr. The aGlNIy to Comequeity, ter 14 an m i ore 0ilor 4On
*witch plarity as POOL utarlu flwh,€ object. rr•tow sreen that therte i& on & rra-meh screen.



Other common line rates used for special purpose operating Iuminsaac parameter by itselt~ howevicr,
television systems are 875 and 1024. can be miseading. Grey scale ana luminance are

interrelated parameter and must be specified at
The PNVS and TADS use the Department of the same opemating cossdkimi For example, if a

Defense 'comsmon module' thermal imaging display is going to be used only at night then the
system and operate at An 875-line horizontal scan Dumber of grey scale s"p should be specified at a
iate to improve the apparent vertical rc.~outioa luminance in the range of 4 to 40 foodamberts at
with about 817 active lines (information lines). The the ey:-. If the display is to be. used in a dayligh
vertical rates are the same, 1/30 second per enivironment, the number df grey scale steps should
verticil frame AMd 1/60 second per vertical ficki be specified in thec range of hundreds of foodam-
Somec parameters are traded off for the 875-line berts at the eye.
system compared to the 525 line system- The
electron beam mome faster in a 87 5-lin systam By definition, the imaging system consists of the
compared to a 52-5-line system, but the fase beam display and the sensor. The display works together
must have higher energy to produce the samne with the sensor to present the image of the outside
lumiac, scene. The dynauki range p-rarneter exemplifies

this relatiowuhip. The dymanm. range of the video
The phosphor selectiou for a display is critical display. im inied coupared to the dynamic range of

and must be optimized for its intended use. Each the thermal sewor. The sensor is capable of
phosphor exhibits specific physical characterwisti. sending about WJ grey scale steps (distinguishable
In general, each phosphor emits a unique spectrum levels of brightness) to the display. However, the
of light when activated by an electron beavu. The display is capable of presenting only about 10 grcy
risc-time and persistence are critical puarameters scale steps to the eye. To Illmstrate: this co.-cept,
that affect how long it takes for the phosphor to ailowecach of the Lewi~s of t he sensor's output signal
radiate light at 90 percent of maximum luminance to represent a oae degree Cc!su'.s difference in the
after h-eing exposed to the electron beam, anid how :empersatur of a simple *bjct. A 30step grey
long itt(Akes for the ligm to fan to 10percent of its sale would allow the sensor to prod"cean output
maximum luminance when the electron beam is bimga representing a range (if I to 30 degrees
remnovcd, reipecively. The phosphor's lumincous Cclstus, each deree representing a distinguishably
efficiency specifies the ratio of lumniaous enecrgy higher signal level. Thu -3i-Iciml signal would be
output for a specied" energy input. scrat to the display, where only !0 levels can he

da-pi~ayed. By adjusting the sensor's gain and level
The number Of grey shades is the number Of con~trol and the dispiaves brighnneias and contrast

visually distinct lumuinous steps from black to white cointrols, any 14)-drer aszge could be displayed. If
a display can reproduce. To be pcrcen%-d. one Ithe detlsin the object, perhaps represented bythe
grey wcait step must be ordinarily a quare roio of energy levels associ~Aad with the temperature range
two (1.414) times brig~hicr than 4ts predeccwn. of 5 ;o 14 degrces, w~re tif interest, then the display
Thts mearw.s the the~oretica number of jivey wcale could be set up to show the 5 to 14 degree (energy
step% a di~splay can reproduce can he cakulat,!d level) range. Howevier, any similar objects with
%iven the luminance value,% of the darketo And temperatures (energy levels) Above 14 degrees
brightest areas of the image. Better displays can would no be discernible, being prescrnted at the
reprodjuce a larger kjv cak tenIC or ( more steps maximum liminaace levelasoiae with the upper
arc dckirahkc foe goiod image reproduction. L)L%. (14 dcgrts) level. s4 tank with engine, drive
playa that are twit very daIrk in the kcast brightest wheel-, and eXhSAus at temprrAtures between M5 anid
Warea IvPKlly CAnrACA reprodUCe an *aepItabk OreY V) %legrees would kkok like & white blob: only details

iA lI Iq.AhI scatter inutic he (( R itAn redJu(c that were in the 5 to 14 aiprgrv range would be
W~V~nIricantly the number 4f Krry scale uteps avail- distinguixs" abl t hadcs tit grey on the dLplAY.
AlC-Ic atigh lu1minanee levels Isbher (49W faccpls. l~ratia repeescted byenrrgy levels of the 5-degree
Ira usrmetimesi ate ued it) reducc light scatter. level and below iiimld be black.
T1c largrr the grey wale, the smoother lltc trans11i-
ltioris from tight to (lark area% and the, better A utomatic come oh wit hit Ihe sensor arc design-
overall PKIuI`C Cotrast. ed to mmnalmie the paleecsA~ll dangerous effects of

t he display's limited dynarn range and the reitulting
T1W maximum opierstinog luminance 4t a bl~omring' or whalin out oulthe display. A problemn

display iA e citial it tOw display is gpoin to hie used occutrs when the rniuw it luaiking at the relatively
in high xmW.4n# lieht fnvironmir.stt a he maximum *Wa. ground below the hxwifou and the cold sky



above the horizon, a large temperature difference. An understanding of the display parameters
The pilot needs to see the horizon, but even more discussed above is essential to the understanding of
important, the pilot needs to see details of the the AHl-64 IHADSS and panel-mounted head-down
ground and objects around him that are much displays. The AH-64 has a sophisticated video
warmer than the cold sky. The automatic controls system with two thermal imagers (PNVS for pilota-
work relatively well for large temperature difteren- ge and TADS for targeting), a day television sensor,
ces that are on different scan fines, but still have two symbology generators, a video tape recorder,
difficulty when the large temperature differences and four video displays (two IHADSS displays and
are on the same scan line. This situation can two panel-mounted displays). In the IHADSS, the
occur when the aircraft banks and the sensor sees 1-inch CRT and relay optics, referred to as the
the cold sky and the warm ground on the same Helmet Displ&y Unit (HDU), as shown in Figure
scan line. 14, are mounted on the right side of the aviator's

helmet (Figure 3). The HDU, the helmet, and
Spot size is the size of the electrou beam additional electronics collectively are referred to as

footprint on the phosphor screen, measured at its the Integrated Helmet and Display Sighting System
50 percent output luminance points. The spot size (IHADSS). The IHADSS display is designed to
determines the maximum resolution that can be provide a one-to-one presentation of the 30 degrees
expected from the CRT. This concept is similar to vertical by 40 degrees horizontal field-of-view
drawing with a small, thin drafting pencil or a big. provided by the sensor. The line-of-sight direction
thick carpenter's pencil--finer detail can be drawn for the PNVS or TADS sensor is controlled by the
with the thinner lead. The size of the electron head position of the aviator, which is continuously
beam increases as its energy increases, and the monitored by infrared detectors mounted in the
larger the beam footprint, the poorer the limiting helmet. Processing electronics of the IHADSS
resolution of the display. A general relationship convert this information into drive signals for the
can be defined for line rate, luminance, resolution, PNVS. The result is a visually coupled system in
and spot size. As the line rate increases from 525 which the PNVS is sJaved to the aviator's head
to 875, the electron beam must move approximate- motion. In addition to the PNVS or TADS im-
ly 67 percent faster to draw the greater number of agery, symbology representative of various aircraft
lines. The beam has less dwell time to activate the operating parameters,Lg,, altitude, heading. torque,
phosphor, thus producing a lower luminance image etc., can be presented en the HDU (Figure 15).
at 875 than at 525. A higher energy electron beam
"will increase the luminance, but will result in a
larger spot size and decreased resolution.

The modulation transf:r function (MTF) i, t',-ComlW
used as a measure oi a display's efficiency in
presenting information at various spatial frequen. ..
cics, just as the MTF was described as a measure
of the sensor's efficiency. Modulation contrast is
measured at several spatial frequencies starting at
about 5 cycles per display width (5 alternating
black and white bars across the display) to a
spatial frequency with a modulation contrast of less
than two percent. The modulation contrast read-
ing at 5 cycies/display width will provide a indica-
tion of the niml-.cr of grey scales the display can
present. A display must hivc approximately 93
percent modulation contrast at 5 cycles/display
width to reproduce :0 grey icalks. ' The modula... .
tion contrast reading (f less than two percent -

shows the maximum htj?.Q.ntiil resolution of the
display; that is, the display *ill not be able to
r.produce information above that spatial frequen- Figure 14. The Helmet Display Unit (HDU),
cy. The display's maximum yvrtiij) resolution is consisting of CRT and relay optics.
limitcd by the number of ver:ic..I %an lines.
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rth optical beamsplitter (combiner) shown in
Fgr~e 14 is a delicate and critical comnponent of the
HDU. The combiner is made of a 50 percent
neutral density fliter coated with a dielectric thin-
film stack. The dielectric coating reflects 80 percent
of the iHot from the P41 phosphor to the eye while
attenuating 90 percent of light with the same wave-
lengths as the P43 phospnor that passes through
the n~eutral density substrate. Smudges, fingerprints,
scratches, and other distracting features on the
combiner may draw the eye's attention and focus to
the combiner rather than to the image projected

Figure 15. Artist depiction of FUR imagery and from the combiner. The combiner must be kept
flight symtbology. free of distracting marks.. The see-i hrough feature

of the combiner is intended to provide a measure of
registration between the display miw. and ihe

The thermal image from the PNVS or TADS outside world. One disadvantage is that bright light
can be presented to the pilot on a miniature (1- sources, when viewed through the combiner, degra-
inch diameter) cathodec ray tube (CRT) in the de the imagery contrast.
l-DU, shown in Figure 16, or on a 5-inch panel
mounted display. The image generated on the In the IHADSS, an electronically generated grey
helmet mounted I-inch CRT is viewed through scale can be displayed to aid the setup of the user's
magnifying relay optics and a sce-through beam- brightness and contrast controls (Figure 17). This
splitter (combiner), The magirifying optics in- setup is valid for the sensor only if the sensor video
creases the 1-inch CRT image to an apparent size output matches the same range as the display's grey
equivalent to that of a 21 -inch display vi~.wtd at a scalc video signal. If the sensor vide~o level. is lower
distance of 28 inches. This results in a 40-degrees than the macmum grey scale level, the resulting
ho;rizcmntal 'ay 34)-dcrees vcrtical image which sensor video locks washed out and generally lacks
corresponds to the FOV of the sensor and' provid- cont.-ýýt. III the sensoir video level is higher than the
es a total system magnificat ion of unity. The 5- maximum grey scale level, the resulting sensor video
inch direct view panel mounicd display appears as will have too much cintras; and will lack detail in
a 7-degrees% horiion~al by 5-degrees vcrtical Image. the shadows.
The same information is precwnt on bo(h displays,
but the panel display ar u o have a better A~'
imavec since it i., eye limited (smaller detail than
thý eye can see) and the 11UI[iis display limited I -

(the eye could scc mnorc if Inc display could pres- -

ent more). In addition, the contrast provided by
the panel display %III be be-tter %tince it Is a direct
view image, not a HI)UL scc-1hrough virtual image.

Figure 17. Goreyscaler %idco signal used in the setup
oif the uscir's brightnoess and contrast
controls.

The scene ItinforImati acquired by the soensor
is porescnted as twightness levels on the d~play. The
minimum and maxmum brightness levelt that can

F~igure 16. Minature l-inch 1i.amclcr (alhmde (Ay- he presented dctc'rv,-tnc the availAble contrast and
tube in the IIIAl.YS shades of grey. The IIIADiSS is capable of present-



ing to the eye highlight brightness levels of 4 to focus. Then, they force their visual system to
150 footlamberts. At night, FUR imagery bright- accommodate to a display image tiat is abnormally
ness is typically 8 to 10 foodamberts. As the CRT close; this is in addition to the normal cre.tation
ages, the phosphor becomes less efficient and its and distant real obiectL aao~mmodation changes.
brightness drops. If a higher brightness setting is
used as compensation, it results in increased Additional usr adjustments of CRT image
electron beam size and lower horizontal resolution. orientation, poXja and size also can significantly
When the CRT no longer can produce adequate impact performance if miFadjusted. The orient.-.ion
luminance to see the flight symbology during of tue image is coatrolled by the rotatiop of the
daylight periods, it must be replaced, even though CRT with respect to the optical axis of the HDU.
it may be more than adequate for night flight. If the image rotation is unproperly adjusted, the

pilot may eqperience a conflic .etwreen the symbol-
Among the user adjustments on the HDU is cgy and his otofith-derived sens. of gravity. Ahead

optical focus. This adjustment allows the se;: to tilt may develop to compensate for this mismatch
set the semitransparent sensor image at optical crea•ing a s:tuation analoj"oi to the leans, a com-
infinity so no change in accommodation is & zces- moo vestibular illusion. Misadjustments of
sary when switching attention from distant real position and size are addressed in Section 9, Field-
objects to the display's virtual image. The user is of-view and Visual Fields.*
to look at a distant object and adjust the optical
focus so the sensor image is focused at the same
point as the distant object. One apparent disad- I. TEMPORAL CHARACTERISTICS
vantage of this display focus approach is the
indication that the display eye tends to focus on Discussions in the previous sections have ad-
the HDU beamsplitter (combiner), rather than at dressed parameters which are related primarily to
opt;cal infinity. Recent studies have suggestcd a the .Ig characteristics of thermal imaging sys-
relationship between this misacccmmoýation and tems. However, the temporal characteristics of the
underestimations of size and distance. ' In addi- system also can impact performance, especially in a
tion, a 1988 survey of 52 AH-64 aviators identiflied dynamic environment. "Termal imaging systems
problems relating to size and ditance perceptIon, have time constants associated with the detector, the
Sioy-five perLent of !he survey respondents indi- scanning mechanism, and the display. The dynamic
cated objects viewved on the HDU as being per- environment may introduce additional temporal
cevcd smaller and farther away than they actually factors, z,, se, or gimbal jitter, head motion in
were. During certain phases of flight, wich as visually coupled systems, and relative targd-sensor
landing approaches, these misperception may motion. An individual detectoes time copnsant
affect seriously the aviator's ality to maintain a determines the detector's speed of respon.x to
proper approach angle or avuid obstaes. 6  temperature (energy) changes in a scene segment.

In a static environnint, where the detector con-
The above probiem relates to the eye's ac- tinuously images the same scene segment, the

commodation, or focusing, point. There is another detector time coostant's contribution to the tem-
p;oblem which is associated with the mechanical poral characteristics of the set"or is minimal.
focusing of the HDU. This focusing is achieved by Rapid temperature chages are not routine events
the rotation of a knurled ring located at the rear of in the reai world. However, in a dynamic environ-
the i1DU barrel. The focus can be adiusted ovecr ment or in a scarming imaging system, the detector
a range of + 3 to -6 dioptcrs. In 1989, a study was is continually imaging different scene segments.
conducted measuring the HDU focus adjustment In visually couplted display systems, the interface
scttingpof20A AH M4a•-tncr Meaurcments were 't~cween the pilot's head movements 2nd the cor-
taken just prior to takeoff. Nincty percent of the responding sensor movements is an additional
aviators were found to have focus scttng of 0.5 potential problem source. Any latency between the
diopters or greatar. The range o( focus sttings movement of the head and the movement of the
was 0 to -.5.X5 dioptcra with a mean of -2.23 dop. senruw must be reduced to an imperceptible level.
ten. The required posiive accommodation by the The PNVS gimbal with its 120 dcgree/second
aviatoir's eye to offwtA these negative focus setting% maximum vek)oty is responsive and approaches the
i likely a swurce of headaches and vi.ual disco desired level of imperceptible latency (see Section
fort durIng and afte emiended periods of flight. 12, "lead/System Interface*). However, the corn-
Aviators can inceasc their accommodlatkin work- munication of the helmet tight command signals to
load inadvertently by misadjusting the optical the PNVS gimbal generates perceptible, but
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acceptabk latency. The TADS with its 60 degree- CRT.
/second velocity is appreciably slower and although
acceptable as a pilotage backup and navigatiom The efftes a( increased head-supported weight
system. is unacceptable as a primary pilotage (HSW) om the aviator can be separated into two
syswtC. categones: crash kineAaics and mission effective-

ness. The effect of increased HSW on crash kincm-
Rapid head movements in visually coupled atics is a direct result of the additional mass.

systems generate a rapidly moving scene on the Adding IHADSS (4.0 ibs) to the average male head
display. The head movement rates greatly exceed (weighing 11.7 U) results in a 34 percent increase
the nominal reladve movement rates that arc in head/neck weight and a c&icomitant increase ir.
observed between #i airraft and a moving ground neck loading during a sudden impact. The force
object. Phosphor persistence is an importaut exerted on the skull base during acceleration can be
display parameter that affects the temporal respoo- approximated by the product of the mass of the
se of a CRT display. Excessive persiszcnce redu- helmeted bead and its acceleration. Thw', for a
ces modulation contrast and causes the reduction given acceleration. the larger the mass (Le., head
of grey sca'. in a dynamic environment where plus HSW), the Larger the force, and consequently,
there is relative motion between the target and the the risk of injury. Glaisiter recently recommended
sensor 11 Persistence effects may cause the loss that the total weight of the .ntire headgear ideally
of one or more grey scale steps. This may be of should not med 4.4 is "1 To help reduce the
minor concern at low spatial frequencies where hazard of nceased head/neck mass in an accident
there are many grey scak steps. However, where sequence, the HDU has a "break-away feature, that
there is only enough modulation contrast to pres- allows k to drop off the IHADSS helmet when
eut only one or two grey scale steps under the exposed to high acclrativ, forces.
starc condition, the loss of one grey scale step at
high spatial frequencies. would be tignificam. Increased HSW can affect mission effectiveness

cither directly (via physical effects) or indirectly (via
This effect is well demonstrated in the history fatigue). The physical effect of increased inertia

of the phosphor selection for the IHADSS. A P- alone causes rapid lj(Wal head movements to be
phosphor initially was selected to satus,4 the high slowed and delayed. " These inertial effects are

luminance daytime symboklog requ.iremcnt. After wen at levels of HSW (4.4 lbs.) similar to those
initial flight tests, the CRT pnosphor was cLanged added by the [HADSS. In 1%i8, reeairch at the
to the shorter perssence P-43 from the more U.S. Army Humma Eagieering Labotatory showed
efficient P- I because of the image smearing repuxt. an HSW in css of 5-3 pounds (.4 kg) slowed
ed. The test pilots reported tree branches seemed head motiom, as wa as Jgraded the performanc,
to ditappcar as nikots moved their heads in search otcomplfrzightitasks. I. situations where the
of otracles. It was determined the long peris- primary pilotalle inayinpuw is controlled by head
tence of the P-! phosphor was elpomwbuk for the movemest, these handicaps may reduce maneuvmr-
pheoiomcnon. iug accuacy wd increas the risk of an accident.

The rlectro-(o4ical multirtexer, a Departmew Not surpriWgy, additional HSW also causes
o( Defense cormon module, uscd to converl the fatigr. Phillips and Petrofsky showed, regardless
mechanically scanned thermal ,ctcctnr outputs to o1 CG location, aeck isometric endurance time aftcr
a video ,i6gnal also inltr(Wfuces a ugnificant delay exercise whilewearta bhetmet wevigingS.0 Rhs was
time to the video image. These multip!cxcr% significantm~rdaaced, compared to the uo-belmct
eventually are to he replaced with ulddastte conditios. Even the relahilv low level (-forces
multiplcxers with im prord d( !ay times. cncomntered in rotary-wawg air comat maneuvcring,.

combined wick a helmet nmwch too heavy for this
I IIWAV. U.?QRT L IiI.AW type o( fqying, ca be extremely ratiguing, if not

painful, eves for experien.ced test pilots.

The addition of dixplay ityerem to the helmet The HDU ias ata&ched to the right side of the
has increased ugntikantly the amount (4 weight lliAD.S helmet. This latcrallydisplacs the center-
whicb mumt be suppocied ty ;he head. The head- of gravity (CW) of the heod/feck/HMD system,
suppored weight of the IIADSS is 4,0 pounds resulting ia as•nmetric loadng of the bead and
(1.8 kgt). Thia weigM includhc the helmet (Integra. neck. The coneuquenceaof thIs CG shift are similar
ted licimet Unit. IiM), 1114)1, and miniature to tNose of isrtawd 1lSW, affecting both crash
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kinematics and mission effectiveness. The offset AH-64 FNVS/IHADSS is given as 2D/60.20 The
HSW CG creates a moment arm producng a accepted high coetr~ acuity value for second- and
torque on the heaid and neck musculature. During third-generation I system is20/60 and 20/40,
an impact sequence, the magnitude of this torque respectively.
is a product of the head/HSW mass, the linear
acceleration, and the CG offset di"a=c. Thus, for To enhance imagery cnta~st against high
a given combination of HSW and acceleration, the ambient lighting. ch AH-.64 aviator is provided with
torque, and logically, the risk of injury is directly a ten percent luminous transmittance visor. Anec-
proportional to the CG offset. Obviously. rm doWa information indicates aviators sometimes use
increase in either HSW or CG offset will increase this *relatmlv dark* visor even at nightt to decrease
the torque or bending forces in the neck due to tie distraction of bright external lights vwsble to the
maneuvering flight loads; or crash loads. In the unaided eye. An inzvestigation into the effect on
desig~n of ftuire helmet-mounted systems, it is vuiual acuity o( weazing spectacles of different
imperative the CO of the system be as close to the luminous tr-a Wamttne has led to a recommenda-
head/neck CG as possible. tion that a minimum of 30 percent transmittance is

required to achieve the 2D/60 high contrast acuity
The offset CG also may cause fatigue of the equivalent for the second-generation 12 system-,

head/neck musculature. Shifting the head/neck under brogtness Qoaditioc.. of overcast day, twiliht
CG forward 10 am by wearing NVCA has been and ful moon. 2' Terefoie, the use of the ten
shown to reduce neck isometric enduranv follow- percent visor at night further reduces the aviator's
uig 5 ot 35 minutes of dynamic (latetal) neck visual acuity through the unaided eye.
exercise. 14 However, using a smaller CO sh"
(2.5 to 5.0 cm) and lighter HSW (3 Ibs), a physiol- & OOVA RSNAI
ogicafly optimal CO *.t~on was found to be
either forward or lateral. Th Iese conclusions are During the development of the IHADSS, thern
in conflict with a more recent study in which were two major concerns with the proposed monoc-
aviators preferred rearward ani vertical CG shifts lar display format: eye dominance and binocular
to forward or lateral shifts. 1 Although comn- rivalry. Eye, or sighting.' dominance refers. to a
plaints about IHADSS CO asymmetr do not tendency to use one eye in ferenace to the other
predominate in surveys of AH-64 pilots, 6 ~ 9 during movocular viewing. " Cr'itical cost and
helmet designers shoul strive to maintain the, weigt considerations favored a monocular display
head/HSW S~sas ckis s possibleto tha o(the format for thelIHADSS,which logically would be
bead aloere. located on the right side of the helntet,, stM msos

of the populwato is right -eye dominant. Howavr,
7. VISALAC1U11 there were seriou questions whether a lelt-eye

domtinant pil" could learn to attend to a right-eye
Visual acuity is a measure of the ability to, display. In fact, there is evidence linking sigh'.ng

resolve rin detail. Snellen visual acuity commonly dominanc with haodednes and variouts facets of
is used and is expressed ds a comparison of the cognitive ability, inclading trac)~ng ability and rifle
dislance at which a given set of kletcri it correcty marksmanship performance One study ad-
read to the distance at which the letters woulld be dressing head aiming and tracking accuracy with
read by someone with cliniclly normal cyesih helmet-mounted disp~ay systems indicatede
A value of 20/80 indicates an individual reads at dominance to be a statitically s~igniant factor.
20 feet letters that can normally he read at 80 feet. However. this small amount o( research is far from
Normal visual acuity is 20/20. Visual acuity, as comnpelling. and the IHADSS is produced to fit the
mcasured throug imaging %yujcnis is a subjctive right-eyod majirity. Sinct the AH-t64 has been
Measure of thc operaotoas Visual performance using fielded them. have been no repoits in the literature
these systems. The acqwuitiAo 0f targets is a addressing the influence of eye dominance on
pr imary performance task. For this wak. a redu. IHADSS targeting accuracy or AH-64 pilot profaci-
ced acuity value implies the observer would aKh- eacy.
ieve acquisition aI closer distances. However,
pioviding an acuity value for thermal systems is Probably a kucre, troublesome phenomenon is
difficult !ince the parsamcicr of target angular binocular rivalry, which occurs when the eyes
SUWOe is s confounded by the emissio Charae. receive dissimilar input. This ocular conflict ap-
teris4&Cs 0( the targtet. Ho0wever, for comparisoon parently is resojyed try (he brain by suppressing one
with other systems, Suellen visual acuity with (he o( the images. '" The 1WAIS presents the eyes



with a muitiude ofdissimilar stimuli: color, rcsolu- It is curreadly in ssogm to suggest that the ten
tion, field-of-view, motion, and brightness. Aviat- generationi of HMDs should deliver imagrmy to both
on report difficulty making the necessary attention eyes, instecad of owe, asis the IHADSS. ThU can
switches between th: eyes, particularly as a missio be ~accomplishmed in two ways: binocularly (each eye
progresses- 2 For example, the relativey bright is presented with a distinct image, two slightly
green phosphor in front of the right eye 'anz make separated sensors ame used) or biocarlarly (both eyes
it difficult to attend to a darker visual scene in are presented with identical images from the same
front of the left eye. Conversely, if zhere are sensor). The advantages and disadvant~ages of these
bright city lights in view, it may be difficult to shift display modes arn beyond the scope of this paper.
attent~on away to the right eye. 6AH -64 pdots However, it should be noted Ali -64 &via' on report
report occasional diffiulty in adjusuing to 'one using the unaided eye for a variety of functions,
dark-adapted eye"an one light- adapted eyt. '9 it iecluding reading instruments and maps within the
may be hard to read instruments or maps inside cockpit, cross-checking range and sae information
the cockpit with the unaided eye since the PNVS derived from the P.VS, and mairntfani' color
eye se~es' through the instrumeat panel or flomor visi'on and dark adaptation in one eye. 29 It
the aircraft, continuoutsly presenting the pilot *ah would seem advisabl at least to allow the aviator
a cocR~icting outside view. In addition, attending the opt"o of selecting a mococular format should
to the unaided eye may be dffacui if the symbol- it be U-ieeed necessay.
ogy presf~cd to the righ eye is chaknging or
jitteruig. `Some pilots resort to flying for very 9. fIELD-OF-VIEW AMD VISIJAL FIELD)
short intervals with One Mt closed, an extremely
fatiguing endeavor . 6,* Thi, published user The huaman er hos an instantaneous field-of-
surveys generally agree the prob~ein, of binocular view (FOV) whic is roughly oval in shape and
rivalry tend to ease with pracice--idthoughi under typoically MeaSSM 120 degrees vertically by 1M
conditions of a long, fat iguiing mission, partiularly degree horizontally. Considering both eyes togeth-
if there are system problems (L&~ display focus or er, the overall FOV covers approxtimately I~
flicker, poor FU R iagr etc). rivalry is a deg"=e iiertically by 200 degrees horizontally.
recurrent p"lo streAslor. 6,' 2 it is likely sighting The size o( the FOY provided by an imaging system
d&niinance interacts with binocular rivairy,. affect- is determined by tradec-ofis among various sensor
ting a pilot's ability to attend to one or the other and dLisply parameters including size, weight, and
eye. resolutioms. The IHADSS FOV is rectangular in

shape measuring 30 degreesi vertically by 40 degrees
An apparent disadivantage of a moncxular horionwally (Figre 18).

display such as the IRADSS is the compit-te loIss
of .Acreopsis (visual appreaiatlon of three dimen- .

sioris during bnocular vision). SMereo~sis, is thom-
ght to he particularly importPnt In tacti"a helkcop- ..

ter flying, since the terrain is invas taby within the
200-meter limi of efCMetve stereof visio In this
mode of flight. However, mconocular depth cues

(c.,retinal wtz, motion parallax. infcrpýasition,
and linear perspective) 1tenerallv are ackfwY~lkdgcd
to he more important for routine flying. A VM99
study of visual acsi.ty and jicrrop.ts vA ith
Vision (io~g~c% (a %ccond-geceraltio. binocular P,
symartr) found %1rrcvopias wI~h tis #ystem to be
Kreatly rcduccd. 'a Avialtns usIng monocular /
plotagc Fystcmx can Improve their Ison%(creo depth
perception with training. afthouefi the decradcd
acuity inherent in these systims will affect adese igue 1M Pictorial representation o-I IIIAD.SS
ly the perception of even mcwaocular &pjh cur~s to 10 x40 degree field-o(-view.
some extenit, Th4is s reflected frequenfly in aviatoor

s avy.6 " 19 lowieWet, with practice. moat All-
64 aviators are "b to fly compeltntly throughmout The 30 x 40 degre lI(ADfS FOV metins smaall
the night nASPof. the -earth (NOF) environment, when comipared to that of the unaided eye. but 'Its

tire is pens. rk% vot as iiignulkankt conotidering the
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multiple visual obstnxcion (L& armor, support load. A small attitude indicator bar (or cue),
sructures, glareslh.ld) normally present in military occupying only a few degrees of the visual field,
aircraft cockpits. Although the -IDU does physi- does nt provide much information to the periphe.
cally obstruct unaided lateral visibility to the right, ral retina, which normally mediates visual imformil
the IHADSS provides an unimpeded external view tion regarding orientaion in the evzranmenL
throughout the range of PNVS movement (+ /- 90 Acquiring thi& orientation information from the
degrees azimuth and + 20 to -45 degrees cleva- central (foveai) vision requires more concentraton,
tion). However, the AH-64 pilot is trained to use and renders the. pilot susceptible to disorientation,
continuous scanning head movements to compen- shculd his attention be diverted to other cockpit
sate for the limited FOV. A potentially disorient- tasks for even a brief period. Third, with helmet-
ing effect occurs when the pilot's head movements mounted dsplays such as the IHAI-SS, any reauc-
exceed the PNVS range of movement-the image tion in FOV also may deprive the pilot of atial
suddenly stops, but head movement continues. flight symbology.
This could be misinterpreted by the pil as a
sudden aircraft pitch or yaw in the direction To compensate for the FOV problems cted
cpposite the head movement. If there are fights above, some AH-64 plots resort to using te CRT
visible to the unaided eye (or through tl com- hotizontal and vertical size controls to reduce the
biner), diplopia (double vision) may resuk. overaql size of the image. 6 This allows the aviaor

to view all of the imagery and symbology, but the
The IHADSS is designed to prese the sensor's 30 x 40 degree FOV now occupies less area

sensor's FOV in such a manner that the image on on the combiner than it must in order to provide a
the combiner occupies the .me area in front of one-to-one scene representation. Since this minified
the eye, resulting in a one-to-one representation of image can cause problems with distance and size
the outside world (i.e., no magnification or mini- perception, it is stroagly discouraged.
fication). However, in order to achieve this design
goal, the pilot must place his eye within the exit 10. ENVIONMENTAL QONSDDERATIOn
pupil of the HDU optics. (The exit pupl of an
optical system is a small volume in space where Thermal imaging systems, such as the PNVS,
the user must plce his eye in order to obtain the arm capable of providing acceptable pilotage imagery
full available field-of-view.) The major deter- in a vwide range of environments (.,&, desetts,
minant of whether this can be attained is the, swamps, mountain areas, etc.) and weather condi-
physical dLtance between the eye and the com- tions (Lt., fog. snow, etc.). However, their cffec-
bhincr. Variations in head ani facial anthropomc- tivene is limited by the operating environment and
try greatly influence the ability of the aviator to prevailingweather. The atmosphere absorbs, emits,
comfcrlahly achieve a fuJl FOV. Some aviaors and sca"tenr IR radiation and often 4- •,c major
report d;scomfort due to prpaure aginst the driver in sy"tem performance. The choice of dctec-
ry-.omatc arch (cheekbone), 1 and manyleport tors, with respect to their spectral rrsponis is
difficulty seeing all the provided symbokigy. The governed to a degret by the transmittance of ine
interposition of chemical protective masks and/or Atmosphere. A p4c4 of the transmittance of the
splctacich (either for laser protection or correction earth's atmosphaer is depicted in Figure 19. This
of refractive error) incrcases the eye-combiner figure demonstrates the effect of three major IR
divance, further reducing 'he likelihood the pilot radiation asorbers: water vapor (at 2.7, 3.2, 6.3,
',11 ie the full FUR image or &tnokx y diply, and 1I.9 microns), owmne (at 44 9.6, and 14.2

Improper adju.-ment of the HIU/bctmet microns), and carbcn dkrid (at 1.7, 4.3, 12.6, and
attachment bracket aMo can prevent the avator 15.0 microns). The effectiveness of the 3-5 and 8-
from achieving the dcugin FOV. 12 micron response rangcs of the 11CdTe detector

becomes 3tywwa.
The effects o( reduced FOV on avia.tr perfor-

mance are wit understood fully. Tie task of It addition to absorption of IR radiation by the
dctcrmininga minimum irOVrequiireJtoflyisnot amosphere there is scattering by the various
a %imple one. First, the minimal W)V required is atmospheric molecules. The scattering of the IR
highly t•k--dcpendcn1. C(midcr the differet radiation further attenuates the IK signal and
sensory cues used fco high.speed flight acros a contributes to tLe ER rackground oise. The overall
desert floor (narrow FOV) vertus a confined arca attenuaolks a summation of scattering and absorp-
hovering trwn (wide F-OV)ý Scvmd, the FOV (ion", is epresed by the extinction coefficient.
required to maintain orientation dcpcnds on vork. These coefficients can be used to compare how the
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7Ue role of the m a"d elhia eavirommental
comadito am w pmbi for am phenomenon,I dnfAw d to a. "tbmw* oasmr," wich i uiqueto the" =W Paigo. 2Dm a0 owsm

I 24-houar tbw~aai hWMa cmw for f mter w
Smidnight A wemitting more enrg than they ar

~ absorbi. (due to the absence, of the sun). EachS 3 4 5 6 0' t 10 11 12 1:1 $4 165

,=, material's te•perature s differen (the wvge.tatoa
has the lw temperature and the water has the

co -• 2 -2 suarue (,mmed to be 0600) approache am
ADMq ONnMfs occius,e ktempcmtM of each material begun to

rise, ad a different rate for each subtace. By
Figure 19. Spectral tr-nsmittta of the earth's approximately 0900. the temperatures of three of

atmospCpre. the substances (si, water, and concrete) nearly
reach the same value (port A) and the thermal

atmosphere will transmit IR radiation for variom wamor may be vai. to dscrimisate among them.
atmospheric coaditiom In Table 1, tranunis Point A is crumswr poist for them three materi-
sivities for some o these codditioas (calculated by als. As the day proceeds, the mateals continue to
Lambert-Beer's law) are presented for ranges of I increase in temperatum. At point B. the water and
and 10 kilometers (ki). The conditions ia Table the vegetatiom reach a crmover point At these
I mostly are related to moisture. Hovever, addi- crosso points, the relat&-e order o the tempera-
6toal elements such a dus and smokes (obscaa- ture values r CIe For example, prior to point B,
Ms) affect the composition and density of the the tempert. of the water is higher than that od

almophr and theefu, te I radajo trns- the vegetation Following pou B, the temperaturemissioo. Of the Vertai= iS INOW thAr that of the water.

o0 the dapay of the maqang stwem, wher the
As discussed above, the atmospheric transmis- different temperatues (actually eaeru levels) are

sion as affected by the environmental coodiuns represented by different evela of brightmess.. the
attenuates tie IR signal. In addition to this eflect, materials udergoing the crosover r•rzc contrast.
t hese coedat ions reduce he solat heating of ojcts Where the water may hime be,= .a righter than tite
(targets). thereby reducing their thermal sigvw- -Weeatioa. it i n 'darker than the vegetatwa.
lures.

IjkbkL

Atmospheric tranmisav•ties

Ext mctwwn Tr anma issivi Transmiasivity
C0mdition cocffaen at I km at 10 ka

Very clear 005 9'ý% 61%
and dry

lIa f 11C Oil 3.1%

14ght Usnw 051 c 1%
Mtkrafe rain 09 W < %
Heavy raim .1 2S% < 1%
L • tIng ') 1.4% < 1%
Heavy Fog 9 20 -C 1% < 1%
HCOvyuiotw 9 20< '1% ~ <1%

Note: Einktmo. ctrfflemeits ae ellwersed is kmi for the
9-12 mnaom sperctral vrgmon.
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so gaincontrols. U tryn W cope with the large
5- tempe.-ature range, tse controls may mask the

aa of ulerea Th may happen naturaly wi
40- so the cold sky region above the horizoo. It is more

difficu t to crod'JCC MeY COWd man-made region,
wruy hot regions by Ik Urge ars fires Abut 30, relel may ae en iciatly creailge

S2 -- .. A a laciding zaow at a ckk,• distanc with a themnal

SBo senor, when several awcraft have lan.d previous-
o n' ly and ae hexing the knding zome with their cx-

hausts. Much of the detail in the sen may be
mask by the hlt exhaust.

0 A a 12 16 20 24 In the air, fornatiom flying can be troublesome
Tiwme of Day to a thermal imager when the hot exhaust of a

Figure 20. Representative 24-hour thermal history kading aircraft is view-d against a cold sky bmck.
for sow, waer, vegptat , and concrete. ground. Tha effect ma be even more troublesom

when there am several large. hit xhusts against a
cold sky backro l. The forward aircraft detail

Over a 24-hour period, crossover for the rep- may be seriosly to mask unes-
rese•tative materials and thermal histories shown pected or rapid changes in attitude or the initiation
occurs twie (pomin A and D, B and C). Howe-- of a imauvr by a lead aircraft.
er, there is no crossover point for the vegetatiom
with cii.hcr the soil or the "ucrete. In the real A special group of external sources which is a
world, the presence and frequency o rouovm concern to thermal imaging systemis i laers Any
points for any two substances is dependent on laser which operates wnihia the spectral respomne
geographic location, season, weather, and many region of tLe thermal ser.w (8-12 microns) poesa-
other factorL In the 198 AH-64 aviator survey, tially cam blind or desiroy an unprotected sensr.
98 percent of the respondents reported instances Caiboe dioxide (COa) lasers operating at 0.6
where the FUR image was degraded to the eftnt microns fa within this regio. The neodymium-
that miwsion compltioW Was compromised. Most YAG las ued am the AH-64 laser ramagnd`er
often, this is a result of IR crosse•..Lr, operaes at 1+06 microns and cam " be seen by the

PNVS sea . Flares are amother extera srce
11LLEr•LLC11f2 NAL IEKILRIAL whih cam degradc senssor performance. Also. flme

Ccas Affect the display's performance as well. The
see-through chrsctcrisics of the display permit de

Unlike sytcms using the prinmiple o( ima bright light from the flare to degrade its coawi-ut to
intcnsificatlon, thermal imaging st•eams ar les the e. Thes effects arm ml apparent when the
wnsitive to dcgrading effects o( irtcrnal crews- Owre is in the rield of-.iew of the sensor. Loc**
li6n and cnvironmental energy sorces. away from the flares will reduce the flare's effects.
l1(.wcver, as discussed in the ectlions above, the
performance of thermal sviems can he degraded The display can be degraded by internal and
by %ome ,ources, moms n which occur naturaly. external vwble tight sources, paticulaty high
Pcrlomancc dcgradat mo also can be induced by inftensity sources in the crewmmember's wae of
man-mrlJe %Aurcrl. including specially dktig•sed interet.I+ Eve though the thermal sentor may *at
cunlcrmestures vihtah target thermal unIm *we* the fight source, if the 4it is in the crewmim-
While the effccts o4 inrnal and extern en•rgy her's lin-of-s-4gl, it will degradethe coarsst at thl
our()Ws are awsscted primarily whil the sesw, dislay iurai.'T

the display is where thee effctts are pmrmid by
the Aviator.

Phyically larg areas o wry hot or very CoWd By vrw of tef detig. belmet rounted
cmpcraturscl, which awe mWch brtlce or ¢wider depta, we Somoued tota1 all io s p"%, as the

thaut the area of inlcre Od are is the POV 0 avim•a's 61m•m. Is the IHADS.M the sytem's
1hy inuw, t, nd to CififtmIs 1:t. outt•titic l"v•l md
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d6-play section is helmet mounted. The sensor provided is decreased. in the nmaner similar to that
scinis irtegrated with thc helmet in that the exerieced when a person lookint through a

direction of the wse"o line-of-sight is cootole by knothl begim to sow away (to the knothoke.
"ha movement. To ensure optimal system perfor- The presac= of a protunding cheekbone or deeply
a-ce, proper inerfacing of the helmet and ats wiaken eye can prevent the HDU from being

attached display with the avaors head is criticaL positioned clse enouagh to obtain the full field-of-
T'he criteria for proper interfacing include the view. Even a small dwislacemsent can reduce sub-

stti placement and stability of the eye into the stantially the available field-of-view. Ki due to
exit pupil of the HDIJ of ics and the dynamic mnthropometric and facial anatomic: irregularkitis,
transformation of aviator head movernient to sensor the aviator is unable to achieve- full fie"do-view, be
.ovclsent. may attempt to positio tlic H-DU to select what be

considers to be the crtiWa pouin" of the imkagery
The AH-64 aviator receives his primay sensory and/or symbology for the task at hand. A good

data througb the HDU to fl) the aircraft. To indicatiom of poor or dwsfcuk filmis the eaenswon of
receive the total imageryavailable on the HDU. he thecombinr. Agoodrdiu s indicued by acombiner
Must adjust the helmet and HDU to match the cxtension distance of a quarter of an inch or less.
positioa of the extit pupil of the HDLJ optics to his As previousl discussed (Section 9), aviatort also
right eye. In addition, the helmet must remain may reost to adjusting she size of the CRT image
Suabic., maintainin this emk pupil position in the is order to vimw all of the prcwided sybology.
presrore of he" movemntsa and aircraft vibratmion
With the advent o( the 14AD,-)S helmet, the Helinet-momeed imagig systes.n such as the
ravior has moved irow an era of the *slap-on, IiNVS/tHADSM we she aviator's head as a conitrol
ciach-up" helmet to one where the helmet is a device- Head position is employe to produce drive
fcimey-tune-4 piece of equipmero, requiring special signals wbic glave the sensor's gimballed platform
considerations and care. One of these special to aviator head movements. As described in Section
considerat ions is the faittg process. 4, inf'u'ed detectors mounted on the helmet con-

tinwoaly monitor the hr. position of the avwaor.
The basic fitting process inivoves numerous Processing eklecros"r olf khe I[ADSS convert this

step& including. but 'iit limited to, adjustments to information into frive sigials for the rNVS gimbal.
the wu'pensioci iwein, prwo~r location And align- rths type of couatro system is called a visually
meuw of the HDU, and finial trimming of the coupled system. kt as a ciased-loop servo-system
helmet visor to accomavnodatc: the HDU when is which go" the matwal visual and motor skils of the
the operating posiion. The objectuves of the aviator to remotely control the sensor and/or
rifting procedure are to: a) ohtain a comfortable. weapon.
siable fit of the IIHU (helmset), which will enable
the aviator to achieve the maximum taeld-d-tiew ofe of the mand important operating parasset-
provided by the HD~U and h) achieve horesight, ers of viiually cw~pled systems is the sensor's
which Pcjrnits accurate enagement olf weapons maxmmum secw rafte. Th-1 inability of (he senisor to
systems In 1987, Rmhl ct aW. evaluated the slew at vekvAites e"ua to those exhibied in the
S. Army ticting progrwa for the IIIA[)W. aviator~s head movemtents would result in 1) %ig-
'%cvcrai simporant kisons were kearned during shis nificAnt es-ors between where the aviator thinks he
evaluation. IFor the firmstisme, the impact that is k~ikin and where the SenM so 'a acually looing
head ant hrorxmwtry has (w helmet Wt was recoa. and 2) time 1&0s between the head and sensor fines-
no/rd, Not only are there probiemns aauwcacd of-sughit. Medical vtudars of he&4admoements have
wish (ne or n'ore extree"e head dsmentuvww. NAt Omywaw that normal adults can rotate their heads # /.
thcre arc addititnal prwcdem% reltaed on head 'JO depgreto inld auma(l.wh neck partiscipation) and
xhncwmAlmsae-., L&. (one ear bwer Chas the u(Aher. - 10) to 4 25 dcSrzt elvaio Ck-thout nec114k Par-
tapering forehead. bulges, etc All ti these varta- lsmpaofww Tliea sawe sudata shiowed peak head
tiotm increase the defa~cd attention required to velociy is a funiction of inowmcis displaceinemt,
[rOVide the aviator W1sh a COM.nhir11" and U"al it., the vrwk-r the dusl~acruens. the greater the
helmet fit. peak vW~,ywib ans upper limit of 15 dearme per

second. - # -oWmver. th"s sudies were tahtvra-
Aviator facial sanatomy asko v% crucia to otnimal toiry-heaedl and doe~s "ci rellect the velocitus anW

HDU interface. If the saviatos eye a sot( locaed accelerasttom indiutive 4 a helmeted head is
w the exitpupsk *Ais mame dsaawcubehind i. a misauy flighlceoanos. Inmauplkwirt4the All 64
kIntiliole effect is erer~niir4 The Field (4 vww PNVS deuvek~mprest Vercma et & arwiinrt~sated



single pilot bea mowmeps in an U.S. Army sideration. However, if the 1 sensor is hele
iUH-IM utility heacoper. la this study, head mounted there may be problem associated wids
poatios data we collected during a simulated the mind location mode and the reaukant switch-

misionit-ere tour JUH-IM pilot subjects, fted ilg of viuW refereme points
with a pr..Aotype IHADSS, ere tasked wh
wserching fir a threa aicraft while flying a con- 14. AH-64 ACCIDENT XERIENCE
tour fligm course (50 to 150 feet above pound
level). The acquired head positios data were used This paper has focused on the characteratie
to coutruct frequency histograms 4 amuth and and limitioas of helmet-mounted thermal nit
elevation head velocities AlLhough velkociies as imagig systems, sucb as the PNVS/IHADSS used
hi as 160 and 20D degrees per second ia eleva- on the AH-64. Many of the factors discused haw
ion ad aimuuth, respectively, ,ere measured, potential safety implikations; therefore, it would be
approximat.ily 97 percent of te velocite were aeful to review te act"a AH-64 accident experiaen
found to frl befteen a range of 0 to 120 degres ce, to document any contributory role of these
per second. This echnion supported the PNVS advanced semor/diLSj y systems. Sinc all Army
design specification maximum slew rate of 120 accident invesigatio, records are maintained at the
degrees per second. It a&so ends. validity to US. Army Safety Center at Fort Ructer, Alabama,
avaor complaints that the TADS seor (w•bh a suh a mr w is po1sible Acctdiiny, the pas five
umaxum slenw rte of 60 degrees per scond) is ymars of AH-64 acident investigatio reports were
too sLw to be med for pilotage. reviewed by the authos

13 EXOCENTRIC SENSOR LOCATION

Before enwoAtering night imaging systems. an ,

aviwaor's pnrmy visu etaor had been his eyes.
His experience ia the perception and interpretation / (>
of visual input is referenced to the eyes's position i
on the bead. However, when flying the AH-64, the " ,
primar input for sight and foul weather \ ', ....• ............ 1 .... /
flight is the PNVS sensor. This sensor is located "-4AM .
i a am turre appromaately 0 fed forwwd and - v .
3 feet below the piot's de eye psitiot. ThI.
esocentnc posatbcesag of the sensor can introduce
problems Of apparent M3120. parallax. and incorw
reddiMsaceeima~wtion However th, mode of
sensor locoatn dosea r~oovle the advastvag 4ft~td.Iqre~
uwob irucled vas fald The a or's ficid•of-
view as no ki &lOcwed by the physcA c•-r-c- Flruw 21. A simple Scnaso-Dwplay-Humas
tions of the iacriat frame. The PNVS w,, e" intracto model for the AH-64
prtvides the aviatr with (he capability to "oo pslcfla SWstm.
throl the flNWr of the aiMrcrf, i deflnite ad-
vantage when ladin i an awuared area, where
the %o ww cas he uwed owr the fll rwld of regatd, During the ptriod 1tM.1 R9, there were 37
tiFovvr. thi fhield of regrd is afferd by the C(la A. B, or C accidents invotuig the AH-64
At41kde 4 the aircryat. airclaft (damusg, awos Cureeded SIOt'CX) or inju~t•t

resolting in of lrast (wi lst workdAy). In lhcse .17
TNe drugp Itr the *tit genertaise VS. Army aidents there Wre ft A oM rT•c " wehWh were
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